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INTRODUCTION
The terms hyperkinetic, hyperactive, minimal brain
dysfunction (MBD), cerebral dysfunction, and hyperkinetic
reaction of childhood have been utilized by parents,
teachers, physicians, and other professionals to describe
the behavior emitted by children which is in excess of
socially acceptable levels and which appears to be
inappropriate for the given situation.

The diagnosis of

hyperkinetic reaction of childhood has been used as if it
were a tangible, empirically proven category that provides
a scientific explanation of its etiology and firm
recommendations for treatment.

At this time the

diagnostic category cannot supply reliable evidence as
to the specific causes (Dubey, 1976) nor the most beneficial
form of treatment.

At best it can only supply a global

description of the observable symptoms which have come
to be considered as representative of the classification.
Safer and Allen (1976) make a clear distinction
between developmental hyperactivity and MBD.

Developmental

hyperactivity is a chronic disorder describing activity
which has been persistent and excessive in situations
requiring motor inhibition.

Inattentiveness also

accompanies this hyperactivity and both begin to be
observed when the child is approximately 2 to 6 years old
1
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and both begin to fade during adolescence.

MBD describes

a learning or perceptual impairment, usually associated
with the hyperactivity and inattentiveness.
categories may either overlap:

The

a hyperactive child

demonstrating perceptual-cognitive learning disabilities,
i.e., receptive, integrative, or expressive skill delays,
or an MBD child exhibiting hyperactivity.
hand, they may not overlap:

On the other

the hyperactive child does

not have any learning disability, or the MBD child not
exhibiting hyperactivity.

The extent of the overlap may

be evaluated by the number of pre and postnatal factors
known to cause hyperactivity which are present in the
child's history.

Pasamanick (i9 6 0 ) describes this type

of overlap as being a function of placement on a continuum
of reproductive causality, i.e., the more intense and global
the biological insult to the fetus or newborn, the more
serious and diffuse the consequences.
Detailed descriptions of the hyperkinetic reaction
of childhood have been advanced by a number of researchers
within their respective works (Laufer and Denhoff, 1957;
Eisenberg, 1 9 6 6 ; Stewart, 1970; Wikler, Dixon, and Parker,
1970; Bell, Waldrop, and Weller, 1972; Safer and Allen, 1976).
Due to the etiological overlap of the disorders
exhibiting proportions of the same symptoms, diagnoses
of the hyperkinetic children have primarily depended upon
the observations of the child's behavior in various
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situations which do require some amount of motor
inhibition.

In addition to the observable behavior,

emphasis has been placed upon the psychological and
neurological evaluations of the child (Connors, 1 9 6 3 *
1966, 1967, 1971» Connors, Eisenberg, and Sharpe,
1964; Peters, Dykman, Ackerman, and Romine, 1974; Safer
and Allen, 1976).
The Diagnostic and Statistical Manual of Mental
Disorders (DSM-II) (1968) describes the hyperkinetic
reaction of childhood as a category which is characterized
by overactivity, restlessness, distractability, and
short attention span occurring in younger, prepuberty
children.

Although distractability was included in

some of the preliminary descriptions of symptoms
(Laufer and Denhoff, 1957) more recent research has
indicated that perhaps it is not a good indicator of the
disorder as, within laboratory research, responses to
distracting stimuli do not distinguish hyperactive from
nonhyperactive control subjects (Safer and Allen, 1 9 7 6 ).
Safer and Allen cite Clements' (1 9 6 6 ) definition
of MBD as including "children of near average, average, or
above average intellectual capacity with certain learning
and/or behavioral disabilities ranging from mild to
severe, which are associated with deviations of function
of the central nervous system (CNS).

These deviations

may manifest themselves by various combinations of
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impairments in perception, conceptualization, language,
memory and control of attention, impulse or motor
function.

These abberations may arise from genetic

variations, bio-chemical irregularities, perinatal
brain insult, or other illnesses or injuries sustained
during the years critical for the development and
maturation of the central nervous system (Safer and
Allen, 1976, p.23)."
Oftentimes the distinction between these two
categories is lost and both are grouped together.

As a

result, there has been very little modification of the
basic description of the hyperkinetic child.

However,

there has been more concern regarding the effect which
his behavior has upon the immediate environment.

Groover

(1 9 7 2 ) indicates that the general consequence for
hyperactive, inattentive behavior is a general frustration
experienced by all who come into contact with the child
when their efforts to educate, discipline, love, or
interact fail.

After consistent repetitions of the same

consequence, the normal reaction is to isolate the child
by excluding him from his peer group, socially and
educationally, and to respond to him in a punishing
manner.

The ultimate effect of this course of events

is to insure that the child experiences even more of a
developmental lag in academic and interpersonal skills
which may account, at least in part, for the continued
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"behavior disorder and immaturity in coping responses
which are overtly observable.

The hyperkinetic child

simply begins to emit fewer and fewer appropriate
responses as the availability of reinforcement for such
behavior is not forthcoming due to the other individual's
interpretation of the behavior and the intentions of
the child.

Oftentimes the perception of these behaviors

takes the point of view that they are emitted purposely
and with malicious intent.
For children accurately diagnosed, i.e., demonstrating
significant pre and postnatal difficulties in their
history, delays in achieving developmental milestones,
neurological defecits, possible wide variations in
psychological test results, and observable behavioral
deficiencies, the treatment of choice has been the
administration of central nervous system stimulants, such
as Ritalin or Dexedrine.

Millichap and Fowler (196?)

identify Ritalin as the drug of choice when used in a
clinical setting because it produces much less
sympathomimetic activity, side effects, than do amphetamines.
The action of Ritalin has been reported (Natenshon, 1956;
'Landman, Preisig, and Perlman, 1958) to be a mild leveling
type of stimulation of four or five hours in duration.
It is relatively free of the excessive high and low,
peaking and let down effects of amphetamine action and
consequently affords a longer period of consistent and
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dependable stimulation to the child.
Central nervous system stimulants have a marked
selective action due to the particular nerve fibers
activated and the effects of the medication are generally
improved attention span, better concentration, reduction
in impulsivity and emotional lability.

Accompanying

improvement is also noted in academic and social skill
areas as well.

However, in all the studies conducted

with different medications as applied to hyperkinesis,
distinct individual differences were noted in terms of
the medication's effectiveness.

Just as there is no

single symptom, psychological test, or milestone delay
which absolutely indicates the appropriateness of the
diagnosis of hyperkinesis, so too there is no single
medication which has proven to be universally effective
for all children thus diagnosed.
The Physician's Desk Reference (PDR) (197^) states
that drug treatment is not indicated for all children
with MBD, implying that hyperactivity is simply a symptom
of MBD.

Appropriate educational placement is essential

and psychological or social intervention may be necessary
and beneficial.

Only when remediation alone has

proven ineffective is it suggested that medication be
prescribed.

Unfortunately, since medication has been

praised as being generally effective in the alleviation
of the symptoms commonly associated with hyperkinesis
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or MBD, and since medication has been identified as
the treatment of choice, this attitude has led to
instances of overuse of the diagnosis with the diagnosis
itself being made by individuals not fully knowledgable
of all aspects of the classification; misuse of the
medication by parents, teachers, and other professional
helpers to relieve them of the responsibility of
dealing with the behavior of the child, i.e., the
unwanted behavior, as it often occurs in the child's
everyday environment.

As a result of accurate or

inaccurate diagnosis, Krager and Safer (197^) estimated
that between 3 0 0 ,0 0 0 an|i 400,000, or nearly 2 $ of all
elementary age children receive prescribed stimulant
medication.

Safer and Allen (1976) indicate that 35-50$

of these children show dramatic results from the
medication; 30-40$ show some improvement; 1 5 -2 0 $ show
no improvement or worsening of symptoms.

Additionally,

the long range effects of CNS stimulants used with hyper
kinetic children have not been fully documented,
consequently the issue is open to conjecture as to
whether or not the effects of the medication are either
beneficial or lasting.

Rie, Rie, and Ambuel (1976)

have reported preliminary evidence suggesting that
medication may mask real learning disturbances under
an aura of calmness, and since this calmness is believed
to indicate that the child is actually learning, the
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learning disturbances go unremediated.
Typically medication begin to loose its attractiveness
as a form of intervention once the child enters adolescence
for two main reasons: (a) the child begins to metabolize
the medication differently and the previous beneficial
effects begin to wane, (b) the adolescent begins to
experience aversive peer pressure because he takes
medication and ceases taking it, even though the effects
may still be beneficial to him.

The peer pressure alone

can force an elementary age child to cease taking the
medication also, and thus the symptomatology is
exaggerated by a pervasive negative, defensive attitude.
In light of the previously reported observation that
^5-60% of all children diagnosed as hyperkinetic or MBD
benefit only mildly or not at all, various other forms
of intervention need to be developed which fill the
adjunctive capacity which medication has failed, in part
or in whole, to do.

Ideally, these should be interventions

which can be begun at a relatively early age and which
lead to the establishment of more effective coping
responses.
The utilization of electromyographic (EMG) feedback
training with hyperkinetic or MBD children is an area
of applied interest which has originated from just such
a concern on the part of professionals.

The need for

developing and implementing behavioral interventions
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which do not rely on the action of an external agent,
medication, to alter inefficient or undesirable behavior
has been recognized and preliminary work has begun in
this area.
A major hypothesis underlying the diagnosis of
hyperkinetic reaction of childhood is that children
who exhibit the appropriate symptomatology have never
learned, or are delayed in learning, adequate responses
to their environmentally produced stress situations, such
as school and peer relationships.

Consequently, they

experience adverse effects due to their low capabilities
in concentration, attention span, inability to inhibit
motor activity, immaturity, and emotional lability.
As it is the major proposition of biofeedback, EMG
training being only one facet of the field, to provide
the individual with information regarding the physiological
responses to assist him in learning to emit immediate,
feedback contingent self-regulatory responses, it is
reasonable to assume that hyperkinetic or MBD children
could potentially benefit from appropriate training
procedures.

Finley (personal communication, 1976)

indicates that in ongoing case studies in his laboratory
utilizing EMG feedback training with hyperkinetic children,
the response has been excellent!

after six months, four

out of five of the original subjects are no longer
dependent upon medication to control their undesirable
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behavior.

Additionally, as Yates (1975) indicates,

another of the most important aspects of biofeedback
training is that it is a serious attempt to allow the
individual to assume responsibility for the control of
his own behavior.

This is a concept which is verbalized

in the use of medication, i.e., that the medication
will facilitate individual acquisition of learned
habits of self-control which will remain after the
medication is discontinued.

Unfortunately, this

conceptualization is seldom internalized by the child
using the medication.

EMG feedback facilitates the

assumption of responsibility for behavior and habit
formation in a direct, noncontaminated manner.
Published research into this area is currently
sparse.

That which has been published contains design

difficulties or inappropriate diagnoses; however, it does
indicate the potential usefulness of this type of
behavioral intervention.

Braud, Lupin, and Braud (1975)

reported the results of a pilot study on a single subject.
EMG assisted relaxation training was conducted to
demonstrate the usefulness of the procedure with children
demonstrating the symptomatology of hyperkinesis at an
early age, the subject being six and one half years old.
Pretraining assessment yielded overall dull normal
abilities on the Weschler Intelligence Scale for Children
in addition to auditory and visual association deficits
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on the Illinois Test of Psycholinguistic Abilities.

In

general, there was no clearly identifiable disability
pattern noted.

The subject was described as being

very distractable, easily frustrated, and demonstrating
an uncohesive train of thought.

He had never utilized

any type of medication to control these deficits,
In addition to the EMG training, after the eighth
session significant others in the subject's environment
were requested to ask him to practice his own relaxation
exercises at home or in school during regular activities
with special emphasis placed on facilitating such
practice when he became upset or overactive.

This

phase of the procedure was undertaken to facilitate
generalization of the learned relaxation response into
his everyday environment.
The results of the study indicated that recorded
muscle tension, number of tension seconds above threshhold
being the dependent variable, declined dramatically both
within and between sessions.

A follow-up session seven

months later indicated that the subject continued to
be able to control his activity and attention.

The

subjective behavioral ratings of the experimenter
indicated a dramatic reduction in overactivity, tension
levels, and emotional lability.

Teacher and parent

observations of behavior indicated that considerable
improvement was noted in these areas immediately after
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the training sessions and seemed to he maintained by the
self-paced relaxation exercises.
The authors contend that the gains noted in the
posttraining assessment seemed to indicate that the
subject's pretraining scores had been depressed by the
hyperactivity and poor attention span.

In general,

the authors noted the laboratory control over muscle
tension was mastered in a short period of time and
tended to show some generalization to the everyday
environment even before the home practice was initiated.
As long as the subject received encouragement to practice
ob his own between sessions, the socially acceptable
behavior was maintained.
Haight, Irvine, and Jamplowski (1976) directed
their study toward the utilization of EMG feedback as
a treatment strategy with hyperkinetic adolescents.
The subjects were eight adolescent males 11 to 15 years
old in residential treatment for emotionally and
learning disabled children.

The diagnosis of hyperkinesis

was made from two behavioral rating scales, Connors'
parent and teacher questionnaires being the most widely
used of the two.

The subjects were subjequently

randomly assigned to two groups of four subjects, the
experimental and control groups.

In addition to analog

feedback being present during training, the means of the
pre and posttraining within session baseline trials
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were plotted for additional visual feedback.

Throughout

the course of the study the experimental group subjects
were released from their regular academic activities
while the control group subjects remained with a regular
schedule.
The results of the study were not encouraging.
There was no significant difference between groups in
terms of muscle tension levels present when pre and
posttraining baseline levels were compared.

The study

contained a number of deficiencies in design; intersubject
contamination, reactivity of the experimental setting,
and uncontrolled placebo effects.

Additionally, the

diagnosis of hyperkinesis being applied to adolescents
is suspect, not because it is an incorrect diagnosis,
but rather that by the time a child who actually is
hyperkinetic reaches adolescence the nature of the
symptomatology may well have changed so that he no longer
fits the diagnostic description; hyperkinesis becomes
a secondary diagnosis.

By this time in a child's life

he has had 11 to 15 years of ineffective self-control
and the hyperkinetic symptoms themselves may have evolved
into subtler, more pervasive personality characteristics.
The above explanation would seem to be suggested by the
fact that the subjects were in residential care for
significant emotional and learning disabilities.
Although Finley, Niman, Standly, and Ender's
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Ik
(1 9 7 6 ) subjects were neither children nor diagnosed
as hyperkinetic, their diagnosed cerebral palsy
demonstrated aspects similar to hyperkinesis.

Many

hyperkinetic children exhibit choreo-athetoid
characteristics in their movement as well as fine and
gross motor incoordination.

Additionally, many of the

pre and postnatal difficulties, such as severe jaundice
and anoxia, are those reported in the developmental
histories of hyperkinetic children.
Concurrent with their attempts to obtain data
on sensory motor rhythm in one subject utilizing EEG
recording, the subject received frontalis EMG relaxation
training to eliminate the extraneous muscle artifact
in the EEG record.

Baseline levels of frontalis

activity ranged between 20 and 100 microvolts
and during one feedback session the subject lowered this
level to approximately 20 microvolts.
To investigate the effects of EMG training more
thoroughly, six subjects were selected on a basis of
the manifestation of primarily athetoid characteristics
which had been refractory to conventional therapy.
Subjects were classified as mild, moderate, or severe
on the basis of speech impairment as well as fine and
gross motor coordination deficits.

All motor tasks

were selected on the basis of their functional relevance
to the subject's daily tasks.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

15
On the basis of significant results yielded by
the procedure, the authors view EMG assisted relaxation
training as offering potential beneficial contributions
to the rehabilitation of cerebral palsy patients.

Of

particular importance is the fact that, as with
hyperkinetic children, the cerebral palsy patient is
intimately involved in dealing with the outward
physiological manifestations of the diagnostic category
on his own and is thus assuming responsibility for his
own behavior.

The data Finley et al present supports

that of other researchers, such as Basmajian (1972),
in their contention that motor impairments due to
neurological disorders of the central nervous system
through either disease or insult to the system are
amenable to training via EMG augmented sensory feedback.
In regard to the athetoid movement, the authors postulate
that faulty sensory input leads to rigidity and spasm
of the musculature, which further exaggerates the faulty
input of the proprioceptive and kinesthetic pathways.
If this is considered to be the basis of the athetoid
movement, then treatment should be directed at improving
the quality of the sensory input from skeletal muscles.
EMG training appears to accomplish this end and thus
has the potential for therapeutic effectiveness with
individuals, such as hyperkinetic children, who exhibit
variations of the same type of sensory input dysfunction.
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From the reviewed literature, both in the field
of biofeedback and hyperkinesis, it appears that
investigations into the effects of EMG feedback with
these children should be reserved for preadolescent
age subjects whose behavioral symptomatology better
fits the diagnostic description than does that of the
adolescent who was hyperkinetic.

Very specific criteria

for the utilization of the hyperkinetic behavior reaction
diagnosis should be employed in an attempt to insure
as homogeneous a research sample as possible.

Additionally,

research designs used in the investigation of therapeutic
strategies should, as Barlow and Hersen (1973) point
out, be linked with specific client characteristics
that are immediately relevant to the clinician.

Group

studies fail in this regard as they tend to obscure
those subjects who demonstrate little, or no change
due to the effects of the experimental intervention
(Alexander, 1975)i consequently the experimental procedure
is not validated as effective, nor are potential
clients who might use the intervention benefitted.
In light of the research done in the areas of
hyperkinesis and electromyography, both separately and
jointly, this study was undertaken.

Experiment 1 tested

the hypothesis that accurately diagnosed hyperkinetic
children who were essentially developmentally hyperactive
could learn to self-regulate the amount of undesirable
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and overactive "behavior present at a given moment.
It was also expected that the acquisition of such a
regulatory skill would facilitate improved social and
academic performance.
Experiment 2 tested the hypotheses that auditory
EMG feedback would facilitate the acquisition of the
regulatory skills as in Experiment 1, and that the
addition of verbal feedback from the experimenter,
describing the direction of EMG level changes and
providing verbal reinforcement and support, would
enhance the therapeutic effectiveness of the EMG training
procedure.
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METHOD
Subjects
All subjects for both the experimental EMG assisted
relaxation group (n=6 ) and the control group (n=6 ), used
for comparison of pre and posttraining test performance
only, were volunteers solicited from the active clinical
outpatient population of the Kalamazoo Child Guidance
Clinic.

They were initially referred to the clinic

for overactivity, poor attention span, behavior and/or
academic problems.

All were subsequently diagnosed as

exhibiting the symptomatology of the hyperkinetic
behavior reaction.

The diagnosis was arrived at through

a multidisciplinary diagnostic evaluation which included
input from the parents, teacher, the child's physician,
a clinical psychologist, a psychiatric social worker, and
a child psychiatrist.
The parents provided information to the social
worker regarding the current presenting problems;
prenatal, birth, postnatal, developmental, and family
histories.

Additionally, they completed the parent's

questionnaire of the Hyperkinesis Index.

The evaluation

of the child by the psychologist included behavioral
observations during the interview and testing procedures
which contained structured and unstructured segments.
18
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Specific tests administered were the Weschler Intelligence
Scale for Children - Revised Form (WISC-R), the Bender
Gestalt, the Beery Developmental Test of Visual-Motor
Integration, and the Frostig Developmental Test of
Visual-Perception.

The child psychiatrist conducted

a neurological examination with each subject, evaluating
the presence or absence of choreo-athetoid movement, fine
and gross motor patterning difficulties, strabismus,
dominance, muscle tone, and reflex response.

A report

was obtained from the child's physician regarding the
subject's physical health, any significant physical
problems experienced in the past, and a history of the
onset of the hyperkinetic behaviors, if the physician
had known the child long enough to determine this.

The

teacher provided behavioral observations of the subject
within the groupsetting as regards hyperactivity,
impulsivity, emotional lability, temper tantrums,
aggressiveness, attentional difficulties, and learning
disabilities if present.

Additionally, the teacher

completed the teacher's questionnaire of the Hyperkinesis
Index.
For the purpose of this study the potential subjects
had to exhibit the following characteristics to be
diagnosed as hyperkinetic and to be included in the
study.
1.

Three behavioral indicators of hyperkinesist
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(a) overactivity, (b) impulsiveness, (c) temper tantrums
or aggressivness, (d) low tolerance for frustration, (e)
tendency to spiral into motor activity or excitability.
2.

At least one subtle neurological indicator:

(a) immature fine or gross motor coordination, (b) choreoathetoid movement, (c) Mixed dominance,
difficulties,
3.

(d) patterning

(e) strabismus.

Three historical indicators:

(a) prematurity,

(b) low birth weight, (c) prenatal maternal illness,
(d) difficult birth, (e) postnatal illness of serious
nature, (f) familial history of hyperkinetic behavior.
One developmental indicator:

(a) long history

of hyperkinetic behavior, (b) delayed attainment of
developmental milestones, (c) significantly early attainment
of developmental milestones.
5.

Two psychological indicators:

(a) short term

auditory or visual attention deficit, (b) poor organization
skills, (c) tangential or uncohesive communication,
(d) situationally inappropriate use of social skills
or uninhibited socialization.
6.

The subject had to score at least average verbal,

performance, and full scale I.Q.s from the WISC-R.
7.

Scores on the two segments of the Hyperkinesis

Index had to be in excess of 20, the only exception being
those subjects who were on medication at the time and
exhibiting less disruptive behavior as a result.
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Care was taken to exclude any subject who displayed
even mild psychopathology; whose hyperkinetic behavior
was of a situationally reactive nature, or whose primary
diagnosis was not hyperkinesis.

Excluded also was any

subject who presented a special disorder involving acute
or chronic difficulty with excessive muscle tension, or a
diagnosed hearing deficiency.

Table 1, page 23» contains

all pretraining descriptive data of the individual
experimental subjects.

Table 11, appendix A, provides

a similar description of the control group subjects.
Table 2, page 2^, displays the hyperkinesis indicators
exhibited by the experimental group subjects.
Apparatus
The internally connected M55/LGS-150 EMG Feedback/
Scorekeeping system, manufactured by J. & J. Enterprises,
Polusko, Washington was utilized to detect and monitor
EMG activity during baseline sessions as well as provide
auditory analog feedback for varying EMG levels present
during individual training trials.
The model M 55 EMG has several types of auditory
feedback functions available and in this study the
feedback was presented in the form of a continuous stream
of clicks.

The rate and tonal pitch of the clicks varied

as a direct function of increases or decreases in the
amount of EMG activity present on a moment to moment
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basis, i.e., as EMG activity increases the rate and
pitch of the clicks becomes proportionately higher.

The

instrument's sensitivity to EMG level changes was adjusted
to provide maximum indication of variations in the level
without the feedback itself becoming so erratic as to
be distracting and useless to the subject in acquiring
the self-regulatory skills desired.

The initial pitch

of the clicks was maintained at approximately the same
level for all subjects to insure that there was sufficient
differences in pitch available for falling or raising
EMG levels, thus allowing the subject to easily
discriminate any changes which occurred, i.e., floor and
ceiling effects were thus avoided.

A filter, setting A

on the M 55> with a lower limit of 100Hz and an upper
limit of 200Hz was utilized throughout the study to
control for EKG artifacts and 60 cycle interference.
Data from the individual trials were accumulated
by the LGS-150 and the amount of EMG activity present
during the 30 second trials used in this study were
automatically averaged and displayed in digital form on
a

inch display, accurate to two decimal places.
Differential surface EMG recordings were obtained

from three silver/silver chloride electrodes provided
with the unit.

The two active electrodes were placed

approximately one inch above and centered on the eye.
The ground electrode was placed equidistant from either
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s#

Age

Sex .VIQ

PIQ

FSIQ

Bender

FT1

FT2

FT3

FT4

FT5

1

8 -2

M

112

129

122

2

6 -6

F

111

98

105

9-0 to 9-11

11-9

10+

8-3

9-0

10 +

8-3

5-4 to 5-5

6 -2

10+

7-0

6-9

8-9

3

8 -0

M

118

128

125

8 -0 to

7-6

11-9

9-6

8-3

9-0

10+

4

6 -6

M

123

120

124

6 -6

8-3

to 6 -1 1

7 -1 0

10+

8-3

7-6

5-6

5-6

5

6 -8

M

110

99

105

5-6 to

6

9-9

M

105

100

102

9-0 to 9-11

6 -1 0

6-9

7-0

7-6

8-9

7-6

6 -0

7-9

7-0

7-0

7-0

10+

V_r\
I
00

i

Beery

00
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Table 1
Descriptive Data for Experimental Subjects
Including Age, Sex, I.Q., Bender Gestalt, Beery, and Frostig Test Scores

a I.Q.s derived from WISC-R
b Bender Gestalt age equivalents derived according to the Koppitz scoring system

zk
Table 2
Hyperkinetic Indicators Exhibited by Experimental Subjects

Indicator

SI

S2

overactivity

X

impulsiveness

X

aggressiveness

X

attention defecit

X

easily frustrated
spiraling
patterning difficulties

X

S4

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

S5

X

X
X

low birth weight

X

xa

difficult birth
prenatal maternal illness

X

serious postnatal illness

X

family history of hyperkineses

X

X
X

X

X
X

X

X

X

X

X
X

X

tangential
uninhibited socialization

X
X

overdue birth

organizational defecit

X

X

prematurity

early onset of symptoms

S6

S3

X
X

X
X

a child born via C-Section
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active electrode and centered on the midline of the
forehead.

All electrodes were held in place by individual

adhesive discs.

Frontalis muscle skin sites were prepared

by wiping of the area with a pad soaked in a 70% alcohol
solution, gentle wiping of the area with an abrasive pad,
and recleansing with a new alcohol pad.
was used as an electrode interface.

Redux paste

After positioning,

reference to active electrode resistance was checked on
each preparation and maintained between 3 k and 5 k ohms.
The Hyperkinesis Index, constructed by Abbott
Laboratories based on Connors’ parent and teacher rating
scales, was used to insure a relatively homogenous
sample population initially, and as a behavioral tracking
tool.

Its primary function was to assess behavioral

changes occurring over the course of the EMG training.
Procedure
The subjects were accompanied to the experimenter's
office and seated, after electrode placement, in a
comfortable lounge chair on the opposite side of a four
by four foot paneled wooden frame partition from the
experimenter.

The general atmosphere of the office was

maintained at a minimally destracting, yet comfortable
and relaxing level.

Temperature within the office was

maintained at shirt sleeve level.

Indirect lighting

was provided by a floor lamp utilizing a 4-0 watt soft
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light bulb, situated directly behind and approximately
20 inches from the subject's chair.

A six by six inch

speaker, attached by cord to the EMG, was positioned behind
an equal size opening in the partition at seated ear
level to provide the subject with auditory feedback
during training sessions.

The speaker remained in this

position during baseline sessions as well.

A six by six

inch one way mirror was built into the partition, on
line with and two inches from the outer right edge, as
the experimenter sat, of the speaker.

The electrode

cable ran through a small hole in the partition behind the
subject's chair and was connected to the EMG located
on the experimenter's desk.

Both the EMG and the data

accumulator remained out of the subject's sight during
all sessions.

Figure 1, page 27, displays the office

floorplan used during this study.
Prior to the first baseline session, each subject
was seen individually and given a demonstration of the
equipment with the electrodes being attached to the
experimenter and subsequently to the subject.

Any

specific questions the subject had regarding the equipment
or the feedback tone were answered at this time.

During

subsequent baseline sessions the subject was told that
the experimenter needed to know how relaxed their forehead
muscles were and were instructed to sit as still as
possible, not to talk, and it was suggested that he/she
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Figure 1
Office Layout
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allow his/her eyes to close.

During the training sessions

the subject was not told specifically to relax, but was
told that his/her task was to try to keep the rate of the
clicks as slow as possible at all times.

At the beginning

of each session, subsequent to the initial series of
baseline sessions, the subject was instructed to try
to remember the physical feeling associated with the slow
clicks and to practice achieving this feeling within that
session as well as at home and in school, between sessions.
A minimum of four, five minute practice sessions were
suggested.

The subject was encouraged to practice for

shorter periods but somewhat more frequently during the
school day.

At no time was any specific relaxation

procedure discussed nor suggested other than that described
above.
The control group for the psychological test battery
were seen individually and it was explained to them that
they would be retested again in five to six weeks.

The

purpose for the testing was briefly outlined and they were
encouraged at the beginning of the testing to take their
time and do as good a job as they could.

The same testing

instructions were given to the experimental group subjects.
Experiment 1 utilized an A-B-A-B-A design; condition
A being the recording of normally occurring resting
frontalis EMG electrical activity without feedback.
Condition B was the training phase during which response
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contingent auditory feedback was present.

With few

exceptions, sessions were scheduled three times a week,
at the same time of day, with one day separating the
sessions, and the week being defined as the working
week.

Session length was ^0 minutes, with all condition

A sessions consisting of 8 0 , 30 second trials with the
resting frontalis EMG activity being continuously
monitored and recorded.

Condition B training sessions

consisted of 5 6 , 30 second successive trials with auditory
feedback being present.

Preceeding and following the

actual training trials were 1 2 , 30 second within session
baseline trials.

The parent and teacher questionnaires

from the Hyperkinesis Index were completed on the day
immediately following each session with the exception of
the teacher's which was filled out to reflect the
subject's behavior on the Monday following the Friday
session.

Otherwise, the teacher completed the

questionnaires in the same time frame as the parents.
For this experiment the dependent variables of interest
were; (1) changes in EMG levels across sessions, (2)
changes in the scores obtained on the parent and teacher
questionnaires.

Additionally, after completion of the

experiment there was a posttraining assessment on the
WISC-R's digit span and coding subtests; the Bender
Gestalt, the Beery, and the Frostig.
Experiment 2 was a variation of Experiment 1 and
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may be described as an A-B-A-BC-A design.

Condition

A was again the monitoring and recording of normally
occurring resting frontalis EMG electrical activity
without feedback.

Condition B provided response contingent

auditory feedback, and condition BC provided a combination
of response contingent feedback plus verbal feedback
from the experimenter describing the general EMG level
change during the immediately preceeding trial.

This

general description of up, down, or no change was
accompanied by limited verbal reinforcement and
encouragement.

The instructions regarding the subject's

task and recommendations for home practice were as
described in Experiment 1.
The frequency of sessions, 15> was identical to that
of Experiment 1.

However, in this experiment all condition

A sessions consisted of 6 6 , 30 second successive trials
with the resting frontalis EMG activity being recorded.
Each training session, whether B or BC condition, lasted
approximately A 5 minutes and consisted of 5 0 , 30 second
trials separated by a 10 second intertrial interval (ITI).
During the ITI the auditory feedback was not present, which
in condition BC allowed the experimenter to provide the
verbal feedback regarding EMG level changes.

Within each

training session 8 , 30 second successive baseline trials
preceeded and followed the normally scheduled training
trials.

The parent and teacher questionnaires were
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completed in similar fashion to Experiment 1; the same
dependent variables were considered, and the subjects
were reevaluated on the same measures.
A follow-up evaluation was conducted during the
third week of the following school year.

The time

period from the conclusion of the relaxation training
to the follow-up varied for individual subjects due to
the successive nature of their inclusion in the original
training.

For subjects 1 and 3> six months had elapsed;

four months for subjects 2 and 4; two and one half months
for subjects 5 and 6 .
To effect this follow-up each subject returned
for one baseline EMG session consisting of 80, 30 second
successive blocks of time in which the resting frontalis
EMG activity was monitored and recorded.

The instructions

for the session were exactly the same as were given for
the baseline (A1 phase) sessions of Experiment 1.
Additionally, the subjects were encouraged to remember
how they felt when they received feedback during the
training indicative of relaxation and to allow themselves
to feel this way during the session.
The parents and teachers completed their respective
portions of the Hyperkinesis Index to reflect the
behavior the subject was exhibiting.

The following

are the specific instructions provided to both teachers
and parents to assist them in accurately assessing the
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subjects' behavior at the time of the follow-up.
Instructions for the parents

Select any four,

twenty minute periods for observing your child
over the course of a single day.

During these

observation periods, casually, yet attentively.,
watch for and record all instances of undesirable
behavior.

You should record only those behaviors

listed on the parent questionnaire.

When you

record such behavior be sure that it is a distinct,
obvious, and separately occurring behavior, that is,
do not record the same undesirable behavior more
than once while it is occurring.

Each time the

behavior occurs indicate this by placing an X
next to the name of the behavior as it appears on
the questionnaire.

When you have completed all

four periods of observation, count all the Xs
for each behavior and mark the appropriate column
on the questionnaire.
Instructions for the teacher:

Select six, fifteen

minute periods for observation of the child
separated by fifteen minutes of nonobservation.
During each of the observation periods observe the
child casually, yet attentively, and record with an
X all occurrences of undesirable behavior as detailed
on the questionnaire.

When recording such behavior
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please be sure that each recorded behavior is a
distinct, obvious, and separately occurring behavior,
that is, do not record the same undesirable behavior
more than once while it is occurring.

At the

conclusion of all six observation periods count
all the Xs for each behavior and mark the appropriate
column on the questionnaire.
To more accurately assess whether the hyperkinetic
behaviors were being controlled within the classroom an
independent observer completed the teacher questionnaire
to reflect the behavior of the subject and two randomly
chosen students.

Both the teacher and the observer

observed and recorded the behaviors for the same time
periods.

The observer had only minimal knowledge as to

the nature of the research and no indication as to which
of the three children.being observed was the subject in
the research procedure.
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Results
Figures 2 and 3, pages 35 and 36, show that the
subjects in both experiments were able to reduce their
frontalis EMG activity across sessions.

For all subjects

the immediate facillatory effect of the auditory feedback
in decreasing the amount of EMG activity is evident in
the first training phase (Bl), sessions 4-6, when
compared to the EMG activity during the first baseline
phase (Al), sessions 1-3*

Removal of the feedback in

sessions 7-9 (A2) resulted in an increase of EMG activity,
but at a lower level than during the Al phase.
Reinstatement of the feedback during sessions 10-12 (B2)
resulted in a further decrease in EMG activity as compared
to the Bl phase.

A final baseline phase (A3), sessions

13-15, resulted in a similar increase in EMG activity as
occurred in the A2 phase, but at a lower level than that
phase.

The data from the follow-up sessions indicate that

except for subject 2 , the remaining five subjects were
still able to exercise the self-regulatory skills learned
during their training at or below the level of the A3
phase.
A two way repeated measure ANOVA, repeated measure
being auditory feedback, yielded a significant F (1,11)=
33.48,

jd<

.00.

This demonstrates that the reduction in

34
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Figure 2.
EMG Levels for Experiment 1
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figure 3
EMG Levels for Experiment 2
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EMG activity from phase Bl to phase B2 is not due to
chance alone and that the presentation of auditory
feedback as a form of treatment is consistent and
effective for all subjects.

Overall, the interaction

AxB was not significant at the .05 level of significance.
In this study, Experiment 1 was conducted to determine
the benefit of auditory feedback alone in relaxation
training for hyperkinetic children.

Experiment 2

concerned itself with the hypothesis of whether the
effects of auditory feedback alone could be enhanced
by providing verbal feedback regarding the subject's
performance on individual 30 second training blocks.
The result of the statistical comparison was nonsignificant,
t (10) = 1.14.

Thus the value of descriptive verbal

feedback in the relaxation training procedure was not
demonstrated.
The primary intent of using the Hyperkinesis Index
was to obtain an indication of whether the subject's
increasing ability to detect and control levels of muscle
tension within the session had any effect on the way in
which the subject behaved and dealt with environmental
stresses at home and at school.

Parents proved to be

very cooperative in completing their questionnaires,
however the teachers’ total cooperation was difficult
to obtain.

Condensed versions of the research proposal

were given to them before the child began the relaxation
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training.

Additionally, telephone or personal contact

was made to answer any questions or concerns they might
have had.

Figures 4 and 5, pages 39 and 40, display

the scores of the questionnaires across sessions.

The

teachers of subjects 1 and 2 were the most cooperative,
oftentimes writing descriptive notes on the subject's
behavior and including them with the questionnaire.
Subject 4's teacher returned only two questionnaires
per week, reflecting his behavior on Tuesday and Thursday.
Subject 3's teacher claimed that she was not experiencing
any major difficulty with him and was hesitant to
participate at all.

Subjects 5 and 6 began the relaxation

training after the end of the school year, consequently
there are no teacher questionnaire scores for them outside
of the follow-up scores obtained during the immediately
following school year.
Table 3, page 4l, contains the correlation coefficients
obtained for EMG and sessions, EMG and questionnaires,
and questionnaires themselves.

Because of the considerable

difficulty in obtaining the teacher questionnaires for
subjects 1-4, the mean on the individual subject's
completed questionnaires at the conclusion of the
experiment was utilized when data were missing.

This

fact necessitates some caution when interpreting the
correlation coefficients thus derived as they may not
be a totally accurate representation of the subject's
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Figure k
Hyperkinesis Index Scores for Experiment 1
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Figure 5
lyperkinesis Index Scores for Experiment 2
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behavior.

Within the table significant negative

correlations in the EMG and sessions column reflects
a reduction in frontalis EMG activity across the 15
sessions.

In the remaining three columns significant

positive correlations reflect improvements in behaviors
commonly associated with the hyperkinetic behavior
reaction.
Table 3
Correlation Coefficients for
EMG - Sessions, EMG - P.Q., EMG - T.Q., P.Q. - T.Q.

EMG - Sessions

EMG - P.Q.

EMG - T.Q.

1

-.7813*

.9024*

.66 3 0 *

.7626 *

2

-.6642*

.9298*

.2815

.3784

3

-. 6 3 0 2 *

4

-. 68 0 6 *

5
6

S#

*

P.Q. - T.Q.

.1213

-.1 8 5 1

-.4262

.5503*

-.1893

-.2397

-.7351*

.5874*

N/A

N/A

-. 81 6 7 *

.8405*

N/A

N/A

£<.05
In Experiment 1, figure 4, it is apparent that all

subjects demonstrated a reduction in these undesirable
behaviors according to their parents.

Subject 2 demonstrated

only moderate improvement in school behavior according
to the scorable items on the Index, however the subject's
teacher indicated that a major favorable attitude change
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had occurred in the subject, thus making it easier for
the teacher to deal with the undesirable behavior more
effectively.

Subject 4's teacher questionnaire scores

are noted to increase over the course of the experiment.
Several uncontrolled variables are felt to have contributed
to this increase:

The end of the school year closely

coincided with the completion of the relaxation training,
thus some of the routine typical of his classroom was
removed as class activities focused on termination for
the summer.

The subject's regular teacher was ill and

absent from the classroom several times during his
training and the routine was again disrupted by a
substitute teacher.

Finally, a very serious family

difficulty occurred during the running of the experiment
which placed added stress on the subject.

Subject 6

demonstrated very clear behavioral improvements within the
home over the course of training.
In Experiment 2, figure 5, subjects 1 and 5
demonstrated behavioral improvements within the home at
a significant level.

Subject 1 also dramatically

improved behavior and attitude at school.

Subject 3

however, demonstrated little behavioral change in either
place despite the fact that within the sessions he was
able to successfully control the level of muscle tension.
During the course of training he began to display
behavioral patterns more indicative of excessive anxiety
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than solely developmental hyperkinesis.

The primary

diagnosis of hyperkinesis was retained, but its usual
symptomatology was exaggerated by the anxiety aroused
through failures to be able to cope effectively with a
variety of everyday stresses.
Subjects 3 and 5 were both taking doses of Ritalin
throughout the training.

Subject 3 began the training

on a dosage of 20 mg, three times a day.

During the A2

phase both the mother and teacher reported an increase
in jitteriness, wide and sudden mood swings, and an
increasing tendency to pick at things, such as his
fingernails.

Consequently the medication dosage was

reduced to 45 mg. three times a day; these behaviors
disappeared immediately.

The medication was maintained

at this level until the end of the experiment.

Two weeks

after the conclusion of the study the medication level
was again raised to 20 mg, three times a day.

Subject

5 's medication level was not altered during the experiment.

It remained at 20 mg. three times a day and this subject
exhibited none of the difficulties subject 3 did, yet his
behavior at home did improve significantly.
Both subjects 3 and 5 were clinically determined
to be in actual need of the medication as an adjunctive
form of treatment.

Only for subject 5 was the adjunctive

benefit of the relaxation training felt to be adequately
demonstrated.

Subject 6 had been using Ritalin, however
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the side effects were pronounced at a younger age and the
medication was discontinued.

Cylert was then tried

without "benefit to the subject and a different dosage
level of Ritalin was to be tried prior to the relaxation
training, however the subject's parents opted to wait
until the training was completed before attempting the
medication again.

For the remaining three subjects in

this study, various dosages of Ritalin had been
recommended to the parents on a trial basis.

Subsequent

to the training, none of the four subjects' parents felt
that the trial on medication was necessary because of the
behavioral improvements noted over the course of the
training.
Figures 4 and 5 display the results of the follow-up
observations of the parents, teacher, and independent
observer.

At home all of the subjects demonstrated

maintained self-control over the hyperkinetic behaviors
at the A3 phase level or below, regardless of the amount
of time between the end of the training and the follow-up.
The subjects also demonstrated the same ability to control
the hyperkinetic behaviors in a group setting, the classroom,
across time and within a new setting.

Table 4, page 45,

displays the questionnaire scores of the teacher and the
independent observer, as well as the reliability
coefficients.

In four out of six cases the reliability

coefficients are good and reflect close agreement.

However,
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in the other two cases it is felt that the teachers
involved completed their questionnaires in a manner
which reflected subjective opinion of the child rather
than objective observation of the child's behavior.
Table 4
Questionnaire Scores and Reliability Coefficients
for Follow-Up Observation Session

S#
1

T.Q.a

4

I.O.Q.13

R.C.C

4

90%

2

3

4

50%

3

10

4

20%

4

2

2

100%

5

0

0

100%

6

1

2

90%

a

Teacher Questionnaire

^

Independent Observer Questionnaire

c

Reliability Coefficient
Table 5i page 46, displays the results of the

significance tests performed on the psychological test
battery administered pre and posttraining.

Independent

t tests were performed on the gain scores of the control
and experimental groups and these indicate that the
experimental group made significant improvements on
the Bender Gestalt, the Beery, and test 5 of the Frostig.
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While the experimental group's gain scores on the digit
span and coding subtests of the WISC-R were impressive,
they were nonsignificant.

The remaining four subtests

of the Frostig were likewise nonsignificant although
individual subjects did make gains over the course of
training.

The reader is referred to Appendix A wherein

are found tables displaying the pre and posttraining
measures for all tests administered, with the individual
gain scores tabulated.
Table 5
Significance Tests for Psychological Test Battery

Test

t

Digit Span

1.37

Coding

Results

.4635

Bender Gestalt

3.13

Beery

3.54

NS
NS
*
*

Frostig-Test 1

.5997

NS

-Test 2

.5 08 6

NS

-Test 3

.9 6 8 5

NS

-Test 4

-1 . 2 5 8 1

NS

-Test 5

2.788

*

*

£<.05
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Discussion
The use of EMG assisted relaxation training has
been tentatively shown to he an effective behavioral
intervention in the treatment of preadolescent children
who are accurately diagnosed as hyperkinetic.

All the

subjects in the experimental group were able to
significantly decrease the amount of extraneous muscle
tension exhibited within session over the course of the
experiment.

For five of the six subjects there was a

significant reduction of behavior associated with the
hyperkinetic diagnosis within the home, and for one of
the four for whom teacher questionnaire scores were
available there was a significant reduction of the same
undesirable behaviors within the classroom.
In a follow-up baseline EMG session conducted at
either six, four, or two and one half months after the
conclusion of the training, five out of six of the
subjects continued to demonstrate self regulatory skills
at or below the A3 phase level.

Only one subject

showed a deteriorating ability to do so, although his
performance was still below his A1 phase performance.
Parent, teacher, and independent observer questionnaires
likewise demonstrated the maintenance of the improved
self-regulatory skills within the home and classroom
settings across time and in novel situations.

47

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

48
As a group the experimental subjects also made
statistically significant improvements on the Bender
Gestalt, the Beery Developmental Test of Visual-Motor
Integration, and the Frostig Developmental Test of
Visual Perception, subtest five.

While the use of

continuous rate proportional auditory feedback was proven
to be statistically significant and clinically effective,
the use of descriptive verbal feedback regarding the
subject's performance over trials was not proven to
significantly enhance the training value of the auditory
feedback alone.

Kinsman, O'Banion, Robinson, and

Staudenmayer (1975) arrived at generally the same
conclusion regarding the usefulness of verbal feedback
without biofeedback.

They noted that the subjects'

knowledge of the level of relaxation might be facilitated
by the verbal feedback, but only when the differences
in the EMG levels between trials was very large.

The

point at which the verbal feedback was used within this
study might have arranged the conditions for it to be
ineffective.

In the A1 phase all subjects demonstrated

very wide variations in trial by trial levels of EMG
activity; a range of 10 microvolts was not unusual.
By phase B2, when the verbal feedback was introduced,
they were all consistently able to maintain the trial
by trial EMG activity within a range of two microvolts.
A change of two microvolts is a subtle one in muscle
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tension and following Kinsman et al's hypothesis,
perhaps too subtle a change for the verbal feedback to
highlight and actively bring to the subject's awareness.
One of the most widely accepted symptoms of
hyperkinesis is an attentional deficit.

The digit span

subtest of the WISC-R was utilized as a pre and post
training measure to determine if the experimental
subjects were better able to attend to the verbal stimuli
after the relaxation training.

Although the statistical

test to determine this was nonsignificant, it needs
to be noted that five of the six subjects who received
such training did make considerable improvements.

On

the coding subtest, as well as the first four subtests
of the Frostig, improvements were more of an individual
than group achievement. In terms of those tests in which
there was a significant gain made, the gains were
consistent with considerable research reported by Koppitz
(1975).

In reviewing the literature, Koppitz noted that

the Bender Gestalt was most closely correlated with test
five of the Frostig than with any of the other four
subtests.

Additionally, performance on the Bender

Gestalt was found to be significantly correlated with
performance on the Beery (r = .82).
The overall gains on the posttraining psychological
test battery would tend to substantiate and enlarge
Braud, Lupin, and Braud's (1975) observation that
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considerable gains in performance can be achieved
without specific remediation and in considerably less
time than the ten months between their pre and posttraining
assessments.

As they contend, it does appear that

performance on such measures may be drastically depressed
by the hyperactivity and attentional defecit demonstrated
by hyperkinetic children.

Finley, Niman, Standly, and

Phifer (1976) also noted significant gains in fine and
gross motor coordination for four cerebral palsy children
who received EMG assisted relaxation training.

The

ability to inhibit purposeless muscle activity and to
recognize more subtle changes in such physiological
arousal is thus further demonstrated to have a beneficial
effect on the child's performance.
Braud et al also noted that there was a gradual, but
dramatic attitudinal change in the direction of overt
verbalizations of a positive nature replacing
self-depreciatory verbalizations.

This attitudinal

change was noted, although not quantified, in this study.
Four of the six experimental subjects initially began
the training emitting self-depreciatory comments and
negative statements regarding school at a level in excess
of any positive statements.

A gradual change in these

verbalizations was noted to occur at the end of phase B1
or beginning of phase A2.

For these subjects, the

frequency of such spontaneous positive verbalizations
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gradually increased throughout the remainder of the
experiment.

Comments such as the following were frequent:

"I'm the hoss and my body will behave how I tell it to";
"I can control myself now and I don't need to fight
all the time anymore".
These positive attitudinal changes in conjunction
with the reduction of undesirable behavior associated
with the symptomatology of hyperkinesis would suggest
that when such relaxation training is effective, its
effectiveness is the result of a system change.
The hyperkinetic child lives in an environment
where there is considerable pressure to conform to the
behavioral norms of his age peers.

He is hampered

from doing so by a generally low arousal threshhold and
limited awareness of when he is exceeding such behavioral
boundries.

The ultimate result of this type of interaction

with his environment is the development of a consistent
state of defensiveness, i.e., refusal to accept
responsibility for his own behavior and projecting
the blame for his difficulties back onto the environment.
Additionally, prolonged exposure to this type of
environmental stress, wherein his own behavior is
highlighted and consequated, appears to facilitate the
development of at least a passive-aggressive, if not openly
aggressive, style of interaction with the environment.
The tendency to engage in frequent self-depreciatory
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verbalizing is likewise reinforced as the child begins
to view himself as incompetent to behave or perform
at the same levels as his peers.
Typically, attempts to control the hyperkinetic
child's behavior assumes the form of some external agent
either actively dictating and consequating behavior, or
facilitating improved behavior chemically via medication.
Both these routes may be effective, however their major
drawback is the lack of the child's involvement in the
proceedings.

In the former case the child may behave

appropriately only so long as the authority is in control
and in the immediate vicinity.

In the latter case he

may behave appropriately only for the amount of time the
medication exerts its therapeutic effectiveness.
In the relaxation training procedure the child is
placed in a closed feedback loop, i.e., based on the
immediate feedback he receives he actively participates
in the attainment of the self-regulatory skills.

In

this way the child may begin to realize the fact that he
is able to control his level of arousal despite his
previously conditioned belief to the opposite.

As he

becomes more aware of subtle changes in levels of arousal
he is able to effectively inhibit them and in doing so
decreases the amount of undesirable behavior typically
found to accompany such heightened arousal.

When this

pattern of recognition, inhibition, and more effective
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management of stressful situations is repeated
frequently enough in his everyday environment the familial,
peer, and academic systems in which he functions likewise
begin to change.

As he is viewed as simply attempting,

or attempting and succeeding in exhibiting more self
control in previously troublesome situations, there is
an overt regognition of this fact by the people
surrounding him.

This recognition then tends to be the

reinforcement for his efforts, making it more likely
he will attempt to control himself in the future.

Each

time this new behavioral pattern is reinforced it becomes
stronger and the initial accidental or minimally
successful efforts at self-control become more automatic
and seem to generalize to a variety of previously
problematic situations.

When these improved patterns of

behavior control begin to become automatic the attitude
change mentioned previously appears to develop, thus making
it easier for others in the child's environment to cope
with the normal amount of undesirable behavior he may
continue to exhibit without overreacting in a punishing
manner.
Thus, it appears that a behavioral intervention which
begins by being focused on a very specific physiological
response, EMG activity, with just as specific a target
response, the maintained reduction of that activity,
serves as a catalyst for behavioral change within the
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the subject as well as in others in the child's system.
Of prime importance is the support, encouragement, and
recognition the child receives for his self-regulatory
efforts.

The two subjects, 3 and 4, in this study who

did poorly in terms of decreasing the amount of
undesirable behavior did have difficulty in obtaining
these elements consistently.

These were also the two

subjects who did not begin to spontaneously exhibit
positive attitudinal changes about themselves nor their
environment.

Part of their failure to employ the skills

they learned within the training sessions is attributable
to the inconsistency they exhibited in practicing
between sessions.

Both readily admitted the lack erf

practice and their parents were either unable to get
the subject to practice at all in one case, or were
inconsistent in encouraging such practice because of
great stress they were personally experiencing in the
other case.

It should be noted however, that at the time

of the follow-up behavioral observations the parent
who had been experiencing family stress had subsequently
resolved the problematic situation, had moved to better
facilities, and did begin to remind and encourage the
subject to practice.

As a result of this improvement

in the immediate environment the subject, number 4,
was able to achieve deeper levels of relaxation during
the EMG baseline session, demonstrated improved behavior
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in school and maintained his previous improvements
within the home.

The other subject, number 3, was

seen weekly for therapy sessions; continued on a high
dosage of medication; demonstrated mild behavioral
improvements within the home.

It is felt that these

improvements were the result of the weekly therapy
sessions rather than the result of the relaxation training
as during the follow-up baseline session this subject's
performance was worse than during the A3 phase of the
training.

As indicated in all the literature on the

clinical utilization of biofeedback, the amount of success
in improving coping skills based on what is learned
within the training session is a direct function of the
amount of practice between sessions.
The fact that all subjects for whom medication had
been suggested on a trial basis were judged by their
parents not to need it at the conclusion of the training
is considered clinically significant.

It is true that

parental bias against the use of medication may have
been an influencing factor in this decision, however the
orderly and generally consistent decreases in hyperkinetic
symptomatology as assessed by the Hyperkinesis Index
argues against this conclusion.

Additionally, at the

time of the follow-up none of the four subjects had
been placed on medication and parents still reported
no need for medication.
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One feature of this study which does need to he
seriously considered for interpretation purposes is the
sample of hyperkinetic children used.

All the subjects

were of average intelligence or above, with no indications
of specific learning disabilities.

Additionally, they

were all assessed to be developmentally hyperactive, a
group which may be considered a specific subset of all
children lumped under the diagnosis of hyperactivity or
minimal brain dysfunction.

Their families were generally

intact, even if it was a single parent raising the child,
with the exception of the two subjects who did poorly
during the initial training.

Thus they constituted an

even more specific subset of the developmentally
hyperactive children in that their primary support system
was intact.

Although the results of this study cannot

be generalized to all developmentally hyperactive
children, it can be hypothesized that children meeting
all the objective criteria and having an intact support
system may be likely to benefit from EMG assisted
relaxation training.

The extent to which they might

benefit is entirely dependent upon the issues already
discussed.
The adjunctive benefit of relaxation training for
a child definitely in need of medication was tentatively
demonstrated in subject 5-

Even with the medication there

was a moderately high frequency of undesirable behavior

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

directly associated with hyperkinetic symptomatology.
Additionally, there was the conditioned belief that the
subject needed his medication to solve all his problems;
that he had to fight and be tough; and that he could not
control his nervousness, the term he applied to his
restlessness and purposeless activity.

He did learn to

inhibit excessive arousal; to maintain EMG activity at
low levels ; and began to consistently verbalize a more
self-confident attitude regarding his ability to cope
effectively with stress.
Just as medication is not recommended for use with
all children exhibiting the symptoms of hyperkinesis, nor
as the sole form of intervention, EMG assisted relaxation
training is not recommended as being a replacement for
the judicious use of medication when it is needed.
The purpose of this study was to investigate the
effectiveness of relaxation training as a method of
actively involving the child in his own therapeutic
improvement: to this extent it is felt that the study was
successful.

The design used does suffer from some

shortcomings.

Because the subjects were all volunteers

from the active caseload of an outpatient child guidance
clinic, it was not completely possible to insure that
perfect matching nor total randomization of subjects was
achieved.

While subjects in both the control and

experimental groups fit the criteria for inclusion in
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the study, it is readily observable that the
experimental group's level of functioning was higher
than that of the control group with few exceptions.
This fact may have inflated the posttraining test gains
as a result.

Utilization of the teacher questionnaire

was not felt to have been as successful as initially
planned.

More time spent in personal contact with the

subject's teacher prior to the relaxation training
may improve the cooperation of the teacher in accurately
completing and returning the questionnaires.

In any

study involving children in the classroom setting it is
essential that accurate reports of behavioral changes
be obtained.

Therefore the use of an independent

observer throughout the course of the study would have
added even more objective evidence to support the
generalization of self-regulatory skills proposed in
the study.

The use of solely auditory feedback in the

actual training sessions was observed to have its
limitations in work with children.
Whereas an adult is usually capable of maintaining
the passive concentration necessary to maximize training
success within sessions, children in general, to say
nothing of hyperkinetic children, find the auditory
feedback boring after a while.

The child practically

needs to be seduced into attending to the feedback then
utilizing it as a stimulus to employ specific, individual
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relaxation strategies they develop during training.
Future research with this type of child could possibly
find enhanced results if more innovative forms of
feedback were employed.

Foe example:

With the proper

instrumentation it is very easy to interface an electric
train with the data accumulator used in this study.

A

shaping procedure could be used in which the threshhold
for activating the train would be gradually reduced,
thus facilitating deeper states of relaxation.

As

Hardt and Kamiya (1976) imply in their study on
amplitude integration and percent time, the subject
needs to know how far below the threshhold he is at any
given moment to maximize the feedback effectiveness.
Consequently, once the child dropped below the threshhold
the train would be activated at a slow speed.

The

further below threshhold the subject went, the faster the
train would go, thus fulfilling Hardt and Kamiya's
admonition.
Future research in determining the parameters of
effective feedback forms and developing reliable training
protocols in the treatment of hyperkinetic children
is warranted.

Special attention should likewise be

directed toward identifying the individual subject and
support system characteristics which would favor the
utilization of relaxation training with subsets of
hyperkinetic children.

Controlled group studies to
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contrast the relative effectiveness of biofeedback
procedures and medication as primary or adjunctive
forms of treatment need to be conducted.

Biofeedback

plus relaxation exercises compared to pure biofeedback
or pure relaxation exercises also warrents attention.
Finally, relaxation training for teachers and evaluation
of their posttraining ability to manage students'
undesirable behavior is also a potentially beneficial
research area.
The range of possible applications of biofeedback
training as a therapeutic intervention for already
existing undesirable behavioral patterns, or as a
preventative from of training prior to the development
of such behavioral patterns is extensive.

The clinical

applications of this modality are in their infancy and
care must be taken by all who attempt such applications to
insure that their work is sound and that their claims of
effectiveness are accurate and conservative.

If these

cautions are heeded, biofeedback training in the
clinical setting may avoid the disillusionment and
abandonment experienced by other new forms of treatment.
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Table 5
Age Equivalents for WISC-R Subtests
Experimental Group

Coding

Digit Span
Pre
A.E.

Post
A.E.

1

7-6

14-2

2

6-6

9-10

3

9-10

12-6

4

8-6

9-10

5

11-6

8-6

6

11-6

12-6

S#

Pre
A.E.

Post
A.E.

Gain

80

7-6

9-10

28

40

6-2

7-10

20

32

9-2

9-10

8

16

7-10

7-10

0

-36

6-2

6-6

4

12

8-2

8-2

0

Gain
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Table 6
Age Equivalents for WISC-R Subtests
Control Group

Coding

Digit Span
S#

Pre
A.E.

Post
A.E.

1

6-6

6-10

Gain

Pre
A.E.

Post
A.E.

Gain

7-10

7-10

0
16

2

6-6

6-10

it

8-2

9-6

3

6-6

6-2

-it

6-2

6-2

0

it

6-10

6-10

0

6-2

7-2

12

5

6-2

6-6

it

8-2

9-6

16

6

6-6

6-10

it

6-2

6-2

0
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Table 7
Experimental and Control Group
Beery Test Age Equivalents

Control Group

Experimental Group

s#

Pre
A.E.

1

11-9

2

6-2

Gain

Pre
A.E.

Post
A.E.

Gain

13-9

24

6-0

6-0

0

7-11

21

5-10

5-10

Post
A.E.

0

3

11-9

13-9

24

5-7

5-3

-4

4

7-10

9-4

17

6-0

6-0

0

5

6-10

8-7

21

10-11

9-4

-19

6

6-0

11-9

69

6-0

6-10

10
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Table 8
Experimental and Control Groups
Bender Gestalt Age Equivalents

Control Group

Experimental Group
S#

Pre
A.E.

Post
A.E.

Gain

1

9-0

10-0

12

2

5_ij.

7-0

20

Pre
A.E.

Post
A.E.

5-k

5-2

5-6

6-0

6

5-k

5-0

-k
-9

Gain
-2

3

8-0

8-0

0

k

6-6

6-6

0

6-6

5-9

5

5-6

7-6

2k

7-6

7-6

0

6

9-0

9-0

0

6-0

5-9

-3

For each of the subjects in both groups the
lower end of the age equivalent range was chosen as the
point from which to determine scoring and subsequently,
the gain scores.
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Table 9
Experimental Group
Frostig Age Equivalents
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7-6

7-6

7-6

8-3

7-0

7-0

10+

7-0

0
1
IN-

CO
1
NO

NO

On

NO

33

ON

NO

ON

1
UN

21

6 -6

5-3

8-3

10+

5-3

6 -6

10+

33

+

10+

1
00

O

tH

9-6

10+

NO

10+

7-3
tH

0

5-9

m

00

-3-

0

10+

Gain
Post
T1

NO

Pre
T1

UN
t-H

ON
1
NO

CM

CO

•3-

UN

CO
00
NO
1

UN

CO

l\
NO

7-3

Post
T2

co
1
00

0

NO

7-6

NO
t-I

CO
1
00

33

Gain

0
co

CO

-1 2

NO

6-3

ON
1

in-

ON

6-3

0
1

6-9

6-9

Q) CO
U EH

Ph

IN-

6-3

0

6 -0

0

Pre
T2

to c o
O EH

CO
00

UN

■p
Ph

ON
1

7-6

6 -6

-1 2

6 -6

6 -0

6 -0

7-6

Gain

6 -6

CO

Pre
T^

Post
T4

0

0
1
IN-

Gain

ON

0

0
1

co
1

0

NO
CO

un

NO

0 -6

Table 10
Control Group
Frostig Age Equivalents

un

8-9

a> un
EH

U

Ph

VO

10+

Post
T5

Gain

67

NO
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Table 11
Descriptive Data for Control Subjects
Including Age, Sex, I.Q., Bender Gestalt, Beery, and Frostig Scores

S#

Age

Sex

VIQ

PIQ

1

7-2

M

103

88

2

8-9

F

101

101

3

6 -1

M

98

109

Bender

Beery

96

5-4 to 5-5

101

5-6 to 5-8

103

5-4 to 5-5

FSIQ

FT1

FT2

FT3

FT4

FT5

6 -0

7-3

5 -1 0

10+

5-9

7-0

5-0

6 -6

5-3

6-9

7-0

5-7

7-6

5-9

5-9

6-9

7-0

6 -0

7-6

4

6-4

M

107

108

109

6 -6

6 -0

9-6

6 -6

6-3

7-0

5

9-4

M

91

101

96

8 - 0 to 8-5

11-9

10+

8 -3

6-3

6-3

8-3

6

7-3

M

123

100

113

6 - 0 to 6-5

6 -0

7-3

5-6

8-3

6-3

8-3

to 6 -1 1

a

I.Q.s derived from the WISC-R

b

Bender Gestalt age equivalents derived according to the Koppitz scoring system
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HUMAN SUBJECT STATEMENT
1.

EMG biofeedback has been proven to be effective

in producing muscle relaxation in adults and most such
investigations have not included subjects below the
age of eighteen.

However, preliminary investigations

into the applicability of EMG assisted relaxation
training with children exhibiting the symptomatology
of the hyperkinetic reaction of childhood have reported
using children down to the age of six as subjects.

The

results of these preliminary investigations have implied
that these children have demonstrated increased attention
span, improved fine motor skills, decreased emotional
lability, and improved social interactions.

It is

worthwhile to investigate the potentially beneficial effects
of this form of behavioral intervention in order to
describe and develop an alternative mode of treatment
for children diagnosed as hyperkinetic.
2.

The only readily apparent discomfort and risks

involved in the procedure are as follows (a) Discomfort
from electrode placement.

Each electrode is held in

place by an individual adhesive disc and while there is
no pain involved with the initial placement, some
discomfort may be experienced when the adhesive disc
is removed.

The experimenter will take all possible

70
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measures within reason to insure that the discomfort
experienced is minimal, (h) Possible psychological risks:
The literature in this area has indicated that if the
subject develops unrealistic goals for success,
disillusionment or discouragement may occur.

If

such

a situation does develop, the experimenter will immediately
work with the subject to develop realistic goals as
regards the procedures and will provide the subject with
alternative behavioral techniques to enhance his/her
self-confidence and esteem.

A close contact will be

maintained between the experimenter, the subject's parents,
and the subject's teacher in order to detect any such
discouragement as quickly as possible.
3.

Benefits to be expected from this research

include the following: (a) To the degree that the subject
is successful in learning muscle relaxation, a decrease
in emotional lability; an increase in functional attention
span; an increase in self-confidence, and a decrease in
nonpurposeful activity may be realized by the subject.
(b) To the extent that the above mentioned benefits
are realized, the subject has the potential to significantly
improve the quality of his/her interpersonal interactions
on both a peer and adult level.

If his/her behavior

becomes less prone to be affected by mood swings, it is
likely that an increase in positive interactions will
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follow,

(c) Positive results from this research will

assist in the development of alternative modes of
therapeutic intervention in hyperkinesis, other than
CNS stimulants, for children ameniahle to such a mode
of intervention.

The child, his/her immediate family,

friends, and society as a whole will benefit because the
hyperkinetic child will stand a better chance to make
a satisfactory life adjustment based on his/her own
skills, rather than an externally applied intervention,
i.e., medication.

Because of his/her increased ability

to assume responsibility for his/her own behavior, he/she
stands a better chance of experiencing success within
both the academic and social situations encountered.
(d) The slight risk to the subject is minimal when the
potential benefits available to the subject and to
future treatment of other hyperkinetic children are
considered.
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CONSENT FORM
I have received a verbal presentation of the research
proposal and have read the human subject statement and the
research proposal.

I have received an explanation of the

procedures to be followed including:

The identification

of those procedures which may be considered experimental
(procedure section of the proposal); a description of the
attendant discomforts and risks (human subject statement,
2, a and b); a description of the benefits to be expected
(introduction section of the proposal, human subject
statement, 3» a - d); a disclosure of alternative
therapeutic procedures which would be appropriate for the
individual subject.

I have also received an offer to

answer all and any questions I may now, or later, have
concerning the procedures and have been instructed that
I am free to withdraw my consent for continued participation
in this research by my child.

I have been assured that if

I do withdraw my child from this research, his continued
treatment will in no way be limited to less than what a
similar child may receive.
Additionally, the experimenter has informed me that
specific data gathered during the research will be included
in a doctoral dissertation and, if accepted, within a
published article.

The data regarding my child will be
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described in such a manner that it will not be possible
for him to be individually identified and his (our)
confidentiality will be protected.

The data to be included

in the dissertation and possible article are as follows
age, sex, I.Q. scores, diagnosis, perceptual test scores,
EMG scores, parent and teacher questionnaire scores,
medication dosage (if applicable), duration of medication
history (if applicable); a generalized group description
of any prenatal, infancy, developmental, or academic
difficulties; a generalized group description of any
behavioral difficulties present.
We hereby give consent for William J. Hampstead, M.A.
to carry out the research described to me and detailed
within the research proposal on our child.

I also give

permission for the experimenter to receive a verbal or
written report from my child's teacher regarding his/her
behavior and academicrating.

Additionally, the

experimenter has my permission to receive weekly behavior
ratings from my child's teacher on such forms as he
provides.

The only inducement offered to me for allowing

my child to participated in this research is the
possibility that this study may benefit ither hyperkinetic
children and their families by way of the results obtained
and made public.
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Note:

This form must he signed by the parents of the

child or by the actual legal guardian.
Signed

(relationship)
(Witness)

(date)

(Witness)

(date)
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